Objectives
1. Cigarette smoking is a major factor associated with the development of emphysema, an irreversible lung damage participating in the pulmonary functional impairment. Recently it has been recognized as an independent risk factor for lung cancer. Because of the poor prognosis of both conditions, there are obvious medical and economical reasons justifying the detection of subclinical abnormalities in smokers in order to reinforce prevention and intensify smoking cessation campaigns.
2. Whereas some functional profiles can suggest the presence of emphysema, high-resolution CT (HRCT) is an established tool for the in-vivo assessment of emphysema, mainly used to investigate populations with advanced lung disease. Because emphysema has a long and silent evolution, it would be clinically relevant to detect the disease when lung destruction is limited and effective prevention of functional impairment can be expected from smoking cessation programs. To date, CT has been mainly used to describe the prevalence of emphysema in asymptomatic smokers using sequential scanning. However, the severity of lung destruction was only subjectively assessed, a methodological approach known to be limited by several drawbacks, including systematic overestimation and moderate interobserver agreement.
3. The aims of the present study were to provide quantitative information on emphysematous changes in a population of asymptomatic volunteers with volumetric CT and to correlate CT findings with pulmonary function tests. 
CT parameters analyzed

Scanning conditions:
Were systematically recorded:
-the duration of data acquisition -z-axis coverage -the patient radiation dose (using the dose length product)
-the presence of cardiac and/or respiratory motion artifacts, to provide information on the overall quality of lung images.
Morphologic assessment of emphysema:
Using the morphological criteria defined by the Fleischner Society (i.e., centrilobular, paraseptal and panlobular emphysema).
-at first, on images photographed at standard window settings, -then, completed by a second reading of lung images photographed at narrow window settings (window width, 1,000 HU; window centre, -800 HU), known to optimize the detection of mild forms of emphysema.
Visual depiction of emphysema was preferred to automated CT lung density measurements alone owing to their debatable contribution to assess or exclude mild forms of emphysema in individual subjects.
Quantification of emphysema (figures 1, 2 and 3)
An automated quantification of lung volumes and emphysema was obtained using a dedicated software after exclusion of artefacts mimicking emphysematous lesions
•
Conditions of image analysis
Each examination was analyzed simultaneously by two readers (with respectively 3 and 20 years of experience), who reached a consensus regarding the presence of emphysema without information on the subject's clinical status. When emphysema was visually depicted, the two readers undertook its objective quantification after exclusion of pseudoemphysematous artefacts by consensus.
3-Pulmonary function evaluation
PFTs were obtained on the same day as CT scanning with a a body plethysmograph. Three reproducible maximum expiratory flow-volume curves were obtained for all subjects.
The following parameters were recorded: Lung status was defined based on American Thoracic Society GOLD criteria for characterizing COPD derived from spirometry-based FEV1/FVC measures.
We used the ex-terminology of "GOLD stage 0" to describe subjects with normal PFTs, namely FEV1/VC #70% and FEV1 #80% predicted, whether presenting as asymptomic subjects or subjects with symptoms of chronic bronchitis.
Results
1-Population characteristics (tables 1 and 2)
There was no statistically significant difference between the three subgroups except for the BMI (p=0.0094).
Although the PFT results were within the normal range, we observed statistically significant differences:
-between current smokers and exsmokers for the median values of FEV1/FVC (p=0.0382), MEF 25-75 (p=0.0469), FRC (p=0.0133) and TLCO (p=0.0013)
-between current smokers and nonsmokers for the median value of RV (p=0.0329).
There were 65 smokers at GOLD stage 0 and 10 smokers at GOLD stage 1.
2-Scanning conditions
The mean (±SD) height of the volume scanned was 326.8 ±38.56 mm. The overall quality of lung images was deemed acceptable for depiction of emphysematous changes despite the presence of respiratory motion artifacts in the lower lung zones of 31 examinations and cardiac motion artifacts around the mediastinal cardiovascular structures in 79 examinations.
There was no statistically significant difference in the frequency of respiratory and cardiac motion artifacts between current smokers, exsmokers and non-smokers (p>0.05).
3-CT assessment of emphysema
• morphologic assessment (table 3 ) There were statistically significant differences concerning the frequency of emphysema between:
-current smokers (n=21; 53.85%) and exsmokers (n=8; 22.22%) (p=0.005)
-between current smokers (n=21; 53.85%) and nonsmokers (n=1; 4%) (p<0.0001).
The vertical distribution of emphysema in smokers showed emphysematous changes in the upper lobes (n=26), right middle lobe and/or lingula (n=10) and lower lobes (n=14) with an exclusive or predominant distribution of emphysema in the upper lobes in 23 smokers (23/29; 79%).
Emphysema was bilateral in 21 smokers and unilateral (right-sided) in 8 smokers.
• quantitative assessment (tables 4 and 5)
There was no statistically significant difference in the overall percentage and regional distribution of emphysema between current smokers and exsmokers.
Considering the 29 current and ex smokers with emphysema altogether: Compared to smokers without emphysema, smokers with emphysema had:
-a higher median value of tobacco consumption (30 vs 15.5 pack-years; p=0.0005) -a lower median value of BMI (24.24 kg/m2 vs 26.55 kg/m2; p=0.0403), independent from the GOLD score.
Smokers with emphysema had significantly higher mean values of FRC (p=0.0012), RV (<0.0001) and TLC (p=0.0157) than smokers without emphysema but no significant differences were found in the mean values of TLCO nor expiratory flows (p>0.05) between the two subgroups.
Severity of emphysema on lung images (table 7)
Conclusions This is the first study describing both morphological and quantitative features of emphysema in asymptomatic smokers.
It shows that quantitative CT provides objective information on subclinical parenchymal lung disease in asymptomatic smokers, correlated to pulmonary functional alterations.
These findings suggest a broader use of CT in the evaluation of tobacco-related pulmonary disease.
